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(54) LASER WELDING HEAD 

(57)Abstract: 

PURPOSE: To provide a laser welding head capable of adjusting the 
blowing angle of side gases according to various kinds of welding 
conditions. 

CONSTITUTION: First tables 4 which are vertically movable are 
arranged on the right and left of a welding head and second tables 
5 slidable in parallel with a processing plane are arranged at the 
first tables 4. The second tables are provided thereunder with angle 
adjustable size nozzles 2. Since the side nozzles 2 are three- 
dimensionally movably and swivelably disposed, the degree of 
freedom in setting the necessary blowing angle 6 and distance X is 
high and the welding is progressed under good conditions. 
Defectless weld zones where undercuts are decreased are thus 
obtd. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A laser- welding head equipped with the welding head, the 1st table which has been arranged at right 
and left of the welding head and which can be moved up and down, the 2nd table which it is arranged at the 1st 
table and can be slid in parallel to a processing side, and the side nozzle which was prepared in the lower part of 
the 2nd table and in which include-angle accommodation is possible. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention removes the plasma generated at the time of laser welding, and relates to 

the laser-welding head which enabled prevention or reduction of an undercut. 

[0002] 

[Description of the Prior Art] In laser welding, butt welding or when carrying out a lap welding, the plasma 
generates a steel plate etc. The plasma decreases the amount of energy of a laser beam which arrives at front 
faces, such as a steel plate, and causes generating, such as incomplete penetration. Defects, such as incomplete 
penetration resulting from the plasma, are reduced by spraying Ar gas etc. from a side nozzle (this being 
hereafter called side gas), and removing the plasma. Therefore, as shown, for example in drawing 1 , the laser- 
welding head which united the side nozzle 2 with the head 1 is used. When the side nozzle 2 is united with a 
head 1, two or more welding heads from which the location and orientation of the side nozzle 2 differ are 
prepared, and it is necessary to search for the head from which the weld zone which does not have defects, such 
as an undercut, according to each welding condition is obtained. Moreover, since it is necessary to prepare two 
or more welding heads, costs start creation of a head and exchange of a head does not become foolish. Then, the 
laser-welding head which made the orientation and position control of a side nozzle possible is used partly 
(reference, such as JP,5-8067,A and JP,5-200571,A). 
[0003] 

[Problem(s) to be Solved by the Invention] While the side gas injected from a side nozzle mitigates the 
incomplete penetration resulting from the plasma, it becomes the cause of making the weld bead which is one of 
the weld flaws generating a deep undercut. That is, molten metal does not flow enough that setups, such as a 
spray flow rate of side gas, a spray include angle, and the spray direction, are unsuitable into weld junction, but 
an undercut occurs. Since viscosity and an amount change according to the class of steel plate etc., board 
thickness, the speed of travel, etc., a flow of molten metal cannot be grasped beforehand. Therefore, it is 
necessary to exchange for the laser-welding head from which the direction of the side nozzle 2, an include 
angle, height, etc. differ as the class of steel plate, board thickness, the speed of travel, etc. change, and it is 
necessary to set up the proper side gas conditions that generating of a deep undercut can be prevented, with the 
laser-welding head which unified the side nozzle 2. Moreover, it is difficult to set up the side gas conditions 
according to each welding condition also with the laser-welding head which made the orientation and position 
control of a side nozzle possible, and the present condition is that the still healthy laser-welding section is not 
obtained. By being thought out that such a problem should be solved and preparing a side nozzle movable in 
three dimensions, and possible [ revolution ] to the welding head, this invention does not need to exchange 
heads and aims at offering the laser-welding head which can set up the side gas conditions corresponding to 
change of the class of steel plate, board thickness, the speed of travel, etc. enough. 
[0004] 

[Means for Solving the Problem] The laser-welding head of this invention is characterized by having the 
welding head, the 1st table which has been arranged at right and left of the welding head and which can be 
moved up and down, the 2nd table which it is arranged at the 1st table and can be slid in parallel to a processing 
side, and the side nozzle which was prepared in the lower part of the 2nd table and in which include-angle 
accommodation is possible in order to attain the purpose, the laser-welding head of this invention — setting — a 
welding head body — receiving — a side nozzle — vertical movement and a horizontal movement — and it has 
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prepared so that it can circle. Arrangement of such a side nozzle solved tha^was effective when preventing an 
undercut corresponding to various welding conditions from the investigation and research on laser welding by 
this invention person etc. 

[0005] By laser welding which used side gas, as shown in drawing 2 , the spray include angle of side gas is set 
to theta, and distance by the medial axis of a laser beam, the medial axis of the intersection of the welded 
material 3 to the side nozzle 2, and the intersection of the welded material 3 is set to X. The SUS430 stainless 
steel of 2mm of board thickness was used as welded material 3, and butt welding was carried out under 7kW of 
laser outputs, and 5m conditions for /of speed of travel. And the relation between the spray include angle theta 
of the side nozzle 2 and depth of fusion was investigated. In the acute-angle side with which the spray include 
angle theta does not fill 30 degrees, depth of fusion became extremely shallow and the weld zone with 
incomplete penetration was formed so that drawing 3 which shows results of an investigation might see. This 
originates in the amount of the removable plasma having decreased, so that the spray include angle theta 
becomes smaller than 30 degrees. The SUS304 stainless steel plate of 1.5mm of board thickness was used as 
welded material 3, and butt welding was carried out under conditions of l-8kW of laser outputs. And the 
relation of the speed of travel and distance X from which an undercut becomes 1% or less of board thickness 
was investigated. According to the rise of the speed of travel, distance X shifted to the long side the range where 
an undercut becomes 1% or less so that drawing 4 which shows results of an investigation might see. Moreover, 
it was common in 2m a part for part 5m/for /, and each 10m speed of travel for /, and there was no constant 
value of the distance X which makes an undercut 1% or less. 

[0006] Cold rolled sheet steel of 0.2-2mm of board thickness was used as welded material 3, and butt welding 
was carried out under l-10kW of laser outputs, and 5m conditions for /of speed of travel. And relation with the 
spray include angle theta of board thickness and the side nozzle 2 from which an undercut becomes 1% or less 
of board thickness was investigated. The spray include angle theta from which an undercut becomes 1% or less 
of board thickness changed according to board thickness so that drawing 5 which shows results of an 
investigation might see. Moreover, it was common in each board thickness (0.2mm, 1mm, and 2mm), and there 
was no constant value of the spray include angle theta which makes an undercut 1% or less of board thickness. 
Cold rolled sheet steel of 1.5mm of board thickness, the SUS430 stainless steel plate, and the SUS304 stainless 
steel plate were used as welded material 3, and butt welding was carried out under 4-5kW of laser outputs, and 
5m conditions for /of speed of travel. And the relation of the steel type and distance X from which an undercut 
becomes 1% or less of board thickness was investigated. As drawing 6 which shows results of an investigation 
saw, even if it was the same board thickness, the distance X from which an undercut becomes 1% or less of 
board thickness differed according to the steel type. Also in this case, it was common in each steel type, and 
there was no constant value of the distance X which makes an undercut 1% or less. 
[0007] The above thing shows that it is necessary to adjust the spray include angle theta and distance X 
according to the class of welded material 3, board thickness, the speed of travel, etc. Moreover, the conditions 
which originate in viscosity, the amount of molten metal, etc. depending on the welded material 3, and reduce 
an undercut are not acquired with change of the speed of travel, but the conditions which reduce an undercut 
may be acquired by making the spray direction of side gas into hard flow. Furthermore, when carrying out the 
direction of laser welding reversely, it is necessary to spray side gas from the opposite side. Such various 
demands cannot be satisfied on the conventional laser-welding head. Then, in order that the laser-welding head 
according to this invention may raise the spray include angle theta to need and the setting degree of freedom of 
distance X, for example, as shown in drawing 7 , it arranges the 1st table 4 which can move up and down to 
right and left of the welding head 1, and arranges the 2nd table 5 which can be slid in parallel to a processing 
side on the 1st table 4. And the side nozzle 2 in which include-angle accommodation is possible is formed in the 
lower part of the 2nd table. Thus, since the side nozzle 2 is formed possible [ migration and revolution ] in three 
dimensions, the degree of freedom which sets up the required spray include angle theta and distance X is high, 
the side gas conditions that welding advances under good conditions are set up, and the healthy weld zone by 
which the undercut was reduced is obtained. Moreover, since the side nozzle 2 is formed in the both sides of the 
welding head 1, it is not necessary to reverse the welding head 1, and the spray direction of side gas can be 
changed. 
[0008] 

[Example] The side nozzle 2 with a bore of 3mm was attached with the facility configuration shown in the 
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tt^Ptge nozzle with a bore of 8mm at draw^^ 



welding head 1 with a pin centeFHarge nozzle with a bore of 8mm at drawn^v . The side nozzle 2 could change 
whenever [ tilt-angle ] in 10 - 70 degrees, and set a movable distance of the 1st table [ 2nd ] 4 and 5 as 50mm, 
respectively. And a setup of the spray include angle theta and distance X was changed by changing whenever 
[ migration / of the side nozzle 2 on the 1st table / 2nd / 4 and 5 /, and tilt-angle / of side nozzle 2 ]. In addition, 
on the occasion of setting modification, the distance to the tip of 15mm and the side nozzle 2 was maintained 
for the distance from the front face of welded material to a pin center,large nozzle tip to the constant value of 
10mm. In order to grasp the range of the conventional laser-welding head to change of board thickness, and the 
laser-welding head of this invention which can be responded, butt welding of the SUS430 stainless steel plate of 
0.5-3mm of board thickness was carried out. As a welding condition, the laser output was set to 5kW, Ar was 
used for pin center,large gas and side gas, the flow rate of pin center,large gas was considered as a part for 151./, 
and the flow rate of side gas was set as removal of the plasma at worst at the complement. Moreover, side gas 
was sprayed on the weld zone from the direction where the effectiveness of reducing an undercut is large. 
[0009] In order to evaluate the formed laser- welding section, the 180-degree bending test from which an inside 
radius will be 3 times the board thickness was performed to the weld zone. And the existence of the crack 
generated in the weld zone in the bending test 180 degrees was observed. With the conventional laser- welding 
head, there is board thickness which a crack generates in bending 180 degrees, and the crack was started from 
the deep undercut so that it might see in the table 1 showing results of an investigation. Therefore, it needed to 
exchange for the head for laser welding from which the location of the side nozzle 2 differs. On the other hand, 
with the laser-welding head according to this invention, the side gas conditions that a healthy weld zone was 
obtained have been set up by adjusting the blasting include angle theta and distance X, without generating a 
deep undercut to 0.5-3mm total board thickness. These weld zones did not generate a crack by the bending test 
180 degrees so that it might see in Table 1. When using the laser- welding head according to this invention so 
that clearly from this contrast, heads did not need to be exchanged, butt welding of the SUS430 stainless steel 
plate of 0.5-3mm of board thickness was carried out, and it was checked that a healthy weld zone is obtained. 
[0010] 
[Table 1] 
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[0011] Example 2: The same laser-welding head as an example 1 was used, the speed of travel was changed, 
butt welding of the SUS409 stainless steel plate of 1.5mm of board thickness was carried out, and the welded 
tube with an outer diameter of 50.8mm was manufactured. And the range of the laser-welding head of the 
former to change of the speed of travel and the laser-welding head according to this invention which can be 
responded was investigated. As a welding condition, the laser output was set to l-12kW, Ar was used for pin 
center,large gas and side gas, the flow rate of pin center,large gas was considered as a part for 1517, and the 
flow rate of side gas was set as removal of the plasma at worst at the complement. Moreover, side gas was 
sprayed on the weld zone from the direction where the effectiveness of reducing an undercut is large. In order to 
evaluate the formed laser-welding section, the flattening test which an inside radius consists twice board 
thickness of was performed to the weld zone. And the existence of the crack generated in the weld zone in the 
flattening test was observed. With the conventional laser-welding head, by the flattening test, there is board 
thickness which a crack generates and the crack was started from the deep undercut so that it might see in the 
table 2 showing results of an investigation. Therefore, it needed to exchange for the head for laser welding from 
which the location of the side nozzle 2 differs. On the other hand, with the laser-welding head according to this 
invention, the conditions from which a healthy weld zone is obtained were set up by adjusting the blasting 
include angle theta and distance X, without generating a deep undercut to all 5-20m speed of travel for /. These 
weld zones did not generate a crack by the flattening test so that it might see in Table 2. When using the laser- 
welding head according to this invention so that clearly from this contrast, heads did not need to be exchanged, 
butt welding of the SUS409 stainless steel plate was carried out by the various speed of travel, and it was 
checked that a healthy weld zone is obtained. 
[0012] 
[Table 2] 
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[0013] 

[Effect of the Invention] As explained above, since the laser-welding head of this invention is enabling 
[ movable in three dimensions, and ] revolution of a side nozzle, it does not need to exchange heads and can set 
up side gas conditions effective in removal of the plasma and prevention of an undercut, or reduction by 
adjusting the spray include angle theta and distance X. Therefore, even if the class of steel plate and board 
thickness differ from the speed of travel etc., setups can be changed proper with one laser- welding head, and 
head production costs, head swap time, etc. are saved. Moreover, since it can provide for the weld zone of many 
steel types and many sizes, productive efficiency improves by manufacture of the welded tube of various sizes 
etc. And since the direction of blasting of side gas can be changed without reversing a head, the time amount 
which the reversal activity had taken is also saved. 



[Translation done.] 
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[Drawing 5] 
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